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INTRODUCTION 


The work reported in 1923 in Department Bulletin No. 1149 of the 
United States Department of Agriculture showed that different 
foodstuffs absorb and retain varying quantities of hydrocyanic acid. 
The cases of agreement among closely related products are not so 
marked that the absorption by one foodstuff may be confidently 
predicted from that of another. This investigation was therefore 
extended to other fumigated foodstuffs, and the removal of hydro- 
cyanic acid from foodstuffs by boiling, as in cooking, was studied. 
The results thus obtained, together with references to the work and 
opinions of other investigators, are given in the following pages. 


REVIEW OF LITERATURE 


Lutrario (6) exposed foodstuffs for 80 minutes in an experimental 
chamber, to a gas obtained from 5 grams of 88 per cent commercial 
sodium cyanide for each cubic meter of space (at the rate of about 
half an ounce for each 100 cubic feet). Table 1 is compiled from 
his results. 

In these experiments the dosage of hydrocyanic acid gas was smaller 
and the time of exposure was shorter than is usual in fumigating 
warehouses or factories. 

Heerdt (4) stated that foods with a high moisture content take up 
notable quantities of hydrocyanic acid on fumigation. If the fumigant 


1 Part I was published as Department Bulletin 1149, May 9, 1923. 
2 Italic numbers in parenthesis refer to Literature Cited, p. 8. 
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retained exceeds 12 milligrams in 100 grams of the substance (120 parts 
per million) these foods are injurious. He concluded that uncovered 
fluids and moist foods, especially oils and fats, should not be exposed 
to hydrocyanic acid gas. 


TABLE 1.—AHydrocyanic acid in fumigated foodstuffs (Luirario) 


Hydrocyanic acid found 
(parts per million) 
Product and condition for fumigation 
Immedi-| After 1 | After 24 
ately hour hours 
Fresh beef: 
CRYO UAT i ed ag A A ra a hyde cg OO nar acolo seis 19.7 
Im pieces (10 cm.'cubes)/AA a Le Ee ae ee ee ee 60. 5 45, 1 11.8 
read: 
RINGS I Os SEEN 9a ag 0 tale a ma a lg DS ee 44,3 27.0 4.3 
Ht WholeVoaves O00igrams),.@». i intignse | eweiawl! ) siting 34. 6 17. 0 10 
ea: 
Im} GlOSeGApAawer PACKCG 2 Pers aoe See cl TUT teppei ke eae gee a 38. 0 35. 0 10. 0 
HO pe GUC seh ek LN) ANSE SE CATON AS Ia Re Ba EU IB 59. 0 48. 0 16.8 
ine: 
DANG EMOSTIT EA COL er eis ti Oy Se ae EES os 0 UT epg eo LE or OR QIN Ne ae 9.2 
PANG Ce PUNVOLa 7 Gre se as 5 nhs MMe Cate eit 220 oy UR area ae yh cai ca 1 Uae: isl (oe a 8.2 
bards (SIGES'4 Crm iGERTC RS) feo 2 cee a ok ae tc ee 19.8 756) | ae 
Cow’s milk: 
FAT ERO ISUGLACe =e Gok ces Aa Paie Niner Pie a eke se! Sel TN Leo a rane oe Oe 13. 5 2.4 11.0 
ACG a GepthioirSicnm £2 tee User. tyre Seiler ey eee cestien (OL Lc gegue ea un pa ea Usp ape sy REN I Ee 
Olive oil: 
Methesuriacesest ro preliinek to Ot se Se ea 4.9 1.6 .0 
Ag a depth of JOC mIa we Sik ame Cir Oe Be oe a 1. PAPO A a ae 
IATA LES# (RES WOE) ius 20 oa. 5 I ete ES ie ee eee eee 15.1. .j2. GEG a 4.3 
WICSE(Gny) ee eek a eS DS IOC tO ee eee ee 8.6 6.5 3.7 
Peaches) (ireshs-wihole) esi asi ae ee ig a AGiO2! ji BOSE FILE 45 
EVENT SEAS (GLI, 2 eee tle ete lace IS pe NSIS es VER S98 OC Meee meee ce yh 10. 8 7.6 4.8 
TEX ESEI AVS (0 Gea77) Ydbage gee ea Slee NU TI et rok I Re ss en ye Ge, 5.4 inal 4.3 
TEZOCACOCSS (We Tn Ye) se eA gn ie ig ps 0) dpe 5& Oh) > See 
WeheatiGmasack) ini. oso cl 1! ee ee mee ee 10. 8 9. 2 2a2 
Wheat flour (in a sack): 
eACE tHe SUEIACC Mae 2 Sek ane See ae ea Ie ee ee es ORT! 18.9 Shy 
Ad: AR GOD Uh: Olona set ae ot ee ees AY Sit eae I ee 8 Re 5.4 OO | a ae 
Honey: (at the surface)= 24 ai. meet Per epi he he peeling 33:2," Shit Ee .9 
IR UTR Taare) cane (ey RA ave SIREN es)) om ey sy a eS el Se ee 2: tA a a 1? 


1 Fumigated bread, meat, milk, and lard were fed to dogs, in approximately 500-gram portions, one or 
two hours after exposure, without injury. 

DeOng and Roadhouse (3) exposed cheese for 24 hours to a gas 
made by using 3 to 10 ounces of sodium cyanide per 1,000 cubic feet. 
Paraffined, unparaffined, and cut samples of cheese of varying age, 
made from whole milk, half-skim, and skim milk, absorbed no gas, 
or only negligible quantities that were dissipated by aeration for a 
few hours. Expert cheesemakers, chemists, and others detected no 
abnormal flavors in the fumigated cheese, nor did this cheese have 
any harmful effects on mice. 

Simmons (7) reported that Camembert, Cheddar, and Swiss cheese 
fumigated with hydrocyanic acid, in quantities sufficient to kill the 
cheese skipper (Piophila casei L.), retained some of the fumigant for 
at least 24 hours. Cheddar cheese did not absorb as much of the 
fumigant as Camembert and Swiss cheese, which retained a good 
deal. Simmons suggested that, until extensive quantitative analyses 
are made of each variety of cheese, fumigated with different dosages 
for varying periods, followed by airing for varying periods, cyanide 
fumigation of cheese should not be recommended. 

Bonjean (2) reported the fumigation of foodstuffs in the cabin and 
hold of avessel. In the cabin about three-fourths of an ounce of sodium 
cyanide per 100 cubic feet of space was used with an exposure of five 
hours. In the hold the dosage was one-third of an ounce of sodium 
cyanide per 100 cubic feet and the exposure was one hour, followed 
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by aeration from the open hatches for four hours. Hydrocyanic 
acid was found in almost all of the fumigated foodstuffs, the quantity 
increasing with the water content, in the following order: Water; 
banana peel; banana fruit; oranges; edible oil: shell eggs; egg albumen; 
bread; tea; flour; wheat, oats, and peanuts; beans and corn. The 
last two groups contained very little fumigant. plea aia Bonjean 
did not determine the exact quantity of BaP danic acid retained. 
Hydrocyanic -acid, he stated, was not held in foods in quantities 
sufficient to be toxic. 

Among the advantages of using hydrocyanic acid gas enumerated 
in a preliminary report of the board appointed by the Surgeon General 
of the United States Public Health Service to investigate the fumiga- 
tion of ships (1) it is stated that this gas does not affect foodstuffs. 

Stock and Monier-Williams (8) made the following statement: 

Experiments carried out during an experimental fumigation at Tilbury Docks 
showed that foodstuffs of the most varied kind, meat, butter, flour, &c., did not 
absorb more than traces of hydrogen cyanide under the conditions of the experi- 
ment. It would seem probable that even if the gas were absorbed in small 
amounts, it would be rapidly evolved or oxidised on subsequent exposure to air 
or on cooking. Nevertheless it has been the practice to remove moist or liquid 
foodstuffs such as meat, milk, &c., before fumigation, and either to empty or to 
seal up fresh-water tanks. 

The literature contains references also to the use of a mixture 
which is said to contain about 90 per cent of cyanocarbonic ester and 
10 per cent of chlorocarbonic ester. The cyanocarbonic ester is said 
to break down immediately in contact with moisture, to form hydro- 
cyanic acid. (The chlorocarbonic ester is used as an indicator on 
account of its lacrymatory power.) Fumigation with this product 
thus corresponds to some extent to fumigation with hydrocyanic acid. 
Jansen, Schut, and Wagenaar (5) fumigated food products in a ship 
with this mixture and then calculated the quantity of hydrocyanic 
acid absorbed to the original material. Their results are of the same 
order as those found when hydrocyanic acid is used as the fumigant, 
making allowance for the fact that their fumigant contained only 
about 24 per cent of cyanogen. 


EXPERIMENTAL WORK 
DRIED FRUITS 


Dried fruit does not cost as much to ship and is not as subject to 
decay as fresh fruit. It is, however, subject to attack by insects. 
The problem of insect control becomes particularly serious when it is 
necessary to carry dried fruit over from one year to another. Because 
of the high cost of the present practice of keeping dried fruit in cold 
storage, Dr. L. C. Corbett of the Bureau of Plant Industry pointed 
out the value to the industry of fumigation with hydrocyanic acid 
to prevent insect injury, if it could be done without injuring the fruit 
for consumption. Experiments were therefore undertaken to find 
how much gas these products would retain after fumigation and how 
long they would hold it. 

Dried fruits were bought in the open market. In most cases com- 
mercial packages were fumigated without being opened until the 
fumigation was finished. In all cases, small quantities were fumigated 
without any protection from the gas. 

The fumigations were carried out at atmospheric pressure by the 
“pot” method, using sodium cyanide, sulphuric acid, and water, in the 
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TaBLe 2.—Hydrocyanic acid in fumigated dried fruits 


Tempera- 
ture of Hydrocyanic acid present (parts per million) 
fumigation |- 
Product and condition for Stored at about 70° F. Stored at about 40° F. 
fumigation for— for— 
Begin- Ini- 
ning End tial 
1 7 30 90 1 7 30 90 
day | days | days | days| day | days| days | days 
SA tl OAR: 
Applesdried = 230200 ups a 81 Tf SF RIE ae (Pan | 9) (Fe a IN el pS ade oe 
Spreg@onipaper seal ees ae asl es 33 li 9 7 27) 0 SEC Ee es On 
lis -poundiclothy sack. 2a) s sei ee ane a BA) ae Pe ee eee el ee 55 22 il 
In original box (about 25 
pounds)— 
1 NYG GNSS NL SEN T's PN LA 11 4 4 3 2 4 4 4 3 
Genter Eres. SEE EV AES ES SNE oe LOL) Se DSSS AIL 2a) PPR EY S| es Oe een 
A DrICOtS PGrle dine seek cate ak 81 S| (mma) PEAS | Ey OTN AAMT Ne, ge EP 
kn: pound Cloph sacks. ee ouhats eer 24 22 15 il S3lterweey 26 18 9 
In original 25-pound box— 
Top.ang “centerss 202220 o/s Sse ete ee 1 Sea a SMO Pp hh al eS) Lr a gh of i 
1D UH SLR Scan e oe ea AGES Ree nes a 85 Cf gag yy les el PE CY AON ce Dit CORE 
Humigatedlooses! 22h Sica ese ee Ee 44 17 11 2 te | RSs 39 11 
In unopened 12-pound box— 
Yay aye Sees Cee pala A AS oad C lee aa ts 9 6 9 5 Jj via ibe car tpl a ML Nea (ateraoen 
Center! 2228 Oak Oe ee es EVIL en ese 4 OFA EI AN Ek | ASO Ore 
Bigssa whe sete. eA ie Pe 80 (Lh ees LEY 9 OM oe i | es aoe alts Medel p ba bene 1 Pe. 
Washed— 
ee open: paper, Sacks. 2 jel 20 soo 88 22 7, 7 4 22 28 22 11 
e — 
In unopened 5-pound 
box— 
Lt Yayo ENA oa le 39 11 4 2 Ollse aes 7 7 2 
Center VITOC Eee ey Een | 8 SAS A OS hE Af A UR ph |S 
Ibnfopen) sack oe 00 ye yee eee 22 31 9 11 Fp panei 18 18 9 
In unopened 20-pound f ! 
box— 
A Na a eth NR GER Seam VII 1 Cal I SIE YA) ay 9 6 0 (0 i oa | ap Tad Oe cP east 
Wenter ap eee SES Eee 0 0 0 (UH OY Bat Ri Ce 8 | BD i 
Peaches, dried, in 3-pound cloth 
RTE 6 ice Sra Eg De Sadl 80 75 27 27 20 5 0 27 28 11 ti 
Pears, dried, fumigated loose_-__ 70 66 39 11 6 4 Bf eee 9 9 3 
FB oY Sa NAT UR i, 80 Tog |e ea ONS DU a os el | aS ps ae | ae Re 
In original 25-pound box— 
Outenlayer ol cola ee 7 4 3 2 0 4 An ee 0 
COMTO TI SS NT Ree il ia een Popsea ee € pa ey egi ee gear eR is Sd ede a NA ul ea 
BS TOHESH ee cb Yee a Pk eel eye Digs) Wk Oy eee ct na tk Spay Pie gals ane a eh eo | ae Bae ey es 
iri3= DOUG COL SAaGkaw n=. eo anal ene 31 24 11 i 2 24 27 il 4 
OMOSESE D254 NO EE OY ORE ea UN Ae gO i oe plaice eee | Oh ea | ae Ce Se eis I 2 
PCE SITIS AW tincgiien Oem eal tetanus bt Jue 90 S55 fl Da PES (DUS FR: EM BN NR ZZ UM Sa AS 
Seedless— 
MIMO PSHE (CALLOTe wae eee |e 11 Dea Baie A eae ge 13 13 18 5 
Flaps turned back. 22) |. atedensee Y 28 22 16 7 Pi ease IN [Sc ie 
Poured out on paper_____|.------|------ 26 18 16 10 Gh Heese Hea eae Wega Ee (FE 8 
Seeded Muscat— 
Invinopened cartons) 2) |b eee 2 Sate sceeee 2 3 BH pts eaters a eo 
AO PLA DS OPO see eee Ua See ol 2 1 2 3 C1 aes SL TSS ee | St 
Carton and wrapper re- 
PEA OVC Ge gs YA) a 31 11 11 4 US esa ree FIN uP Pb 
Cluster, exposed in open_____|__-____|_____- 18 HUES RS a 0 15 16 | TSF RES 
IRaspberriess black.) 2 85 7 ee PE cl WS sc FUNNMONe| Po A neal WAT PAA 2 
Fumigated in 3-pound cloth | 
SEO ee og 8 a sata Sa aw ca ec a A pa 181 $9 44 22 PPA Ge x ee, Or ag ae Bal a Fo he 
HumigateadWOoses secs ea | eam | eee 132 99 44 28 Zines | 132 | 44 44 


proportions of 1:115:2; that is, for every avoirdupois ounce of 
sodium cyanide 114 fluid ounces of sulphuric acid and 2 ounces of 
water are used. The dosage was one ounce of sodium cyanide for 
each 100 cubic feet of space and the time of exposure, was about 18 
hours. The temperature was noted at the beginning and at the end 
of the fumigation. 

At the end of the fumigation period the products were removed from 
the fumigating chamber, and the hydrocyanic acid which they con- 
tained was determined by the method outlined in Department 
Bulietin, 1149, page 5. The first determination was made on the same 
day that the samples were removed from the chamber, but at least 
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an hour after the fumigation was completed. Most of the samples 
were then divided, one part being held at room temperature (about 
70° F.) and the other in cold storage (about 40° F.). Hydrocyanic 
acid determinations were made on them at the end of 1, 7, 30, and 90 
days. ‘The results of these tests are shown in Table 2. 

All of the dried fruits left unwrapped during fumigation absorbed 
hydrecyanic acid. Because of the wrappings, those fumigated in 
packages absorbed less—sometimes none. The box of dried apples 
was loosely packed and was lined with ordinary newsprint paper which 
permitted the gas to pass into the dried apples; in fact, it penetrated 
so well that the concentration in the center of the box was nearly as 
high as that in the outside layers. On the other hand, the box of 
apricots was tightly packed and was enclosed in waxed paper. No 
hydrocyanic acid was present in the packed apricots. The pasteboard 
carton of raisins gave little protection from the fumigant. The 
waxed paper tightly wrapped around the seeded raisins, however, 
was a very good protection. The figs in the 20- pound box were 
tightly packed. While a little hydrocyanic acid penetrated through 
the outer wrapping into the outer layer of fruit, none was found in the 
center of the box. Of course, such fumigation will not kill insects 
inside the box; in fact, live worms were found in the center of the box 
of figs. 

Most of the fruits contained some hydrocyanic acid at the end of 
three months. They lost it more quickly when kept at room tem- 
perature than when kept in cold storage. The high original absorp- 
tion by the black raspberries and the tenacity with which they 
retained the hydrocyanic acid are worthy of note. No explanation of 
this action is offered. Fumigation caused no physical deterioration 
or impairment of keeping qualities in the fruit. 

Careful tests showed that no hydrocyanic acid was present in any 
of the fruit before fumigation. 


TABLE 3.—Hydrocyanic acid in fumigated candies, nut meats, chocolate, and cocoa 


Tempera- 


Haif-pound package of 
chocolate, fumigated | 


ture of Hydrocyanic acid present (parts per million) 
fumigation 
‘Product and:condition for Stored at about 70° F. Stored at about 40° F. 
fumigation for— for— 
Belin. WH Tis aamga Tare VLEs Vi LR a 
THE al fea! SO, | 90s | 7 | e30. yO 
day ane days | days} day Pare s | days | days 
} 
oy fs | oR. 
(Ci 2 5S Ba ag cele aaea {Saigo ee Wl. al ele i pas leet cig a ah imme 
Chocolate creams, fumigated 
fogse See ye ee we. otf es il 7 3 Oa |! renee ee en eee See (epee 
Coated nut meats, fumigated Hs 
Chocolate et “ark Sat hea al 5c 4 al oe BM eae ae gn TF apa Ces OE gg 
ide NS at ea Cn VE ae) US 11 9 3 TD ae ee Wie ea rae a eae ae eee oe eal 
Coated nut meatsin i-pound F 
eS IS Ne eS ae ee a (ee TESS 5 pee Ss Parana Pe eles ae [ee St leer a NS a 
Pecans, meats, fumigated loose __ 70 66 | 180 11 3 1 (iS ies i in Bat 3 
English walnuts, meats, fumi- 
PALE NOOSE = = sett ae eral Ad 70 66 | 200 11 5 4 De | ees 9 8 3 
‘Cocoa and chocolate__________-_- 82 v (ie ae here ea he Spe | eae Wal ert er kre ele 8 Nad ih MR 
Unopened, half-pound can of | 
CGD A PES ae ae SS EE ee ee Qs ae sa Pe eae rae ee petra Sra |e eae pee Sia Ol 
Half-pound can of cocoa, lid | 
OL CATROMOVOUS tok 45 Thee os Bp ess ss 192 110 44 BL | pepe en alae g el lah 
Unopened, half-pound pack- | 
age onmnerolate-. 02) 62k ee see oe Oey Se | rf i ae | Sse bs! |e Sa | i ean Pee 
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CANDY AND CANDY MAKING MATERIALS 


Candy factories sometimes become infested with insects which 
might easily be destroyed by fumigation with hydrocyanie acid if it 
would not injure the candies and the materials from which they are 
made. Nut meats, candies, chocolate, and cocoa were fumigated and 
tested in the same way as the dried fruits (p. 3). The results of 
these experiments are given in Table 3. eee 

The nut meats absorbed a very large proportion of hydrocyanic acid. 
Most of it was loosely held, however, so that one day after the fumi- 
gation the content had fallen to 11 parts per million. This residue was 
more firmly held and part of it remained for 30 to 90 days. 

The difference in absorption between the chocolate creams and the 
coated nut meats seems to have resulted largely from the difference 
in surface. The coated nut meats were much rougher and therefore 
had a larger proportionate surface area. 

The cocoa had a large original absorption and retained what it 
absorbed. The chocolate absorbed much less. This can be explained 
on the ground that the cocoa was finely powdered, giving each unit 
of weight a large surface area.. Each unit of weight of the chocolate 
had a much smaller area of surface. 


TABLE 4.—Hydrocyanic acid in fumigated cereals, meat, cheese, and dried milk 


Tempera- 
ture of Hydrocyanic acid present (parts per million) 
fumigation 
Spee ae es pee for | Stored a augat 70° F. Stored at abort 40° F. 
|Begin- Ini- 
| ning | ©24} tial : 
i 1 7 30 90 1 7 30 90 
day | days | days | days | day | days | days | days 
: 
| joure car | | | 
GeTeals i eimae ne es Sele ee ee 74 G6) | ae eee | Sa See epee em fees | ie 2 EN 
Prepared cereal in unopened | | 
package! 5 2i22 2 eee [2 eee ae 10 2 UY ge Mates ees re Pema roel secre We) [Ee ese hed Me 
Prepared cereal, wax paper | | | | 
TEOMOVECt=sS see Ge ie ee 11 6 4 Ole es Sees eee fear se ee 
Wheat cereal in unopened | | 
STIL 5) desi ep Rc ne Coe RB F Si guile |e tee 88 28 11 4) sek patsie al 5s) ee ere ES 
Corn fiakes in unopened car- | 
COR eae 4 ee Pes seta ki ES A dee 36 22 9 Nee ates en rere oe ft a Se |------|------ 
Oat fiakes in unopened carton|__-____}_____- | 34 11 7 Q))|— eee Se ee 5 eae 
Ments. Meet N 5: i” tk | 72 ets he ee eee eo Bb hy aeRee 
Bacon, in paper-_-___________ | gel Pz tabs 1008) SEBS eS eR a) ier | 28 | 7 | y fess 
Bacon, sliced, in box___------ Batre. 3s Bx ee 86 28 7 | 2 yo ee ee ee lee 
Dried beef, in open_________- ee ee ee 80 13 Ey Recuues See Peseta pesca! |= pe: 
Plame Sliced 252 se WE eee ees eR Eneeel wet VAQ: | es ae SA ek ies Eee onl we Se es SoS = 
Hamburger steak, in open_-_-|__-____ jeesi= G6 +) SeegesCE el ee eae, peswecd eer eens (ere ee. 
Hamburger steak, in paper--|.---__- eae se 180; | 26 aes See paieas petit uh fi ea ee 
Sausage, in open=2=-=2_-_____ [aos eae 190 SO; = ae eee fie | 39 26 |= 2084 Soe 
Sausage, in paper___________- ae ea Ba 77 Vd og eS al (Os | eee ge pias 55 1G Bs Sage be eS 
(Cheese= £2 ie ere eS G3) GO eS eee ra le See ee eS, peel Mere pele =) 1s ae 
American Swiss, whole—__ | | | 
Inedible portion (rind) -~-}_.-____|______ 7 | eee ee | ene o p poeren eee See! PURE 3 tei 
Edible portion_____.____- See ES 0 Oneers: 2 [2 oes sa fi ease Tea | £ hae 
Imported Swiss, in 1-ounce | | 
piece— | | 
Wrapped in tin foil,_____ coe ell Eee es Ol see fey PA eee & PRO ALe | Reipete t Mibe ts 8) Reeaeen il tS ees 
Unvwitdppeds==s26 ec eee eee 1494 rs | ae epee penne es pens Wome 12 8 BE 4) EPs 
Roquefort, half-pound, un- | | | | 
WEADDCG==). 3-5 Ck eee [oes ges | ee 1 ALO 49 2 ess fey Sees 2 LOS Lee eee 
Cream— | | | | 
Wrapped in tin foil______ |S | eee Leg 110 sf eee: | he OS er de ee 
Unwrapped ---:__.....- | 5 SE ae 110°} © (55-}2--!-- ee DS set Ee | === —hapeeiias fee pe ee 
American, 1 pound, open__-_-_- epee | teas ad 110 55 225 |g Nee | ADORE jC Oe Shee ea 
Dried milk in open can_________ -| 82 | 80-|-- 88] 22/1--18 9 EGTA MOEN CRE Bre TT Sees 
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CEREALS, MEAT, CHEESE, AND DRIED MILK 


Cereals, meats, cheese, and dried milk are sometimes stored in 
factories which may become imfested with insects. These products 
were fumigated and tested (p. 3). The results are given in Table 4. 

The cereals absorbed hydrocyanic acid in quantities which could 
not be directly correlated with their properties or with the packages 
in which they were packed. The ordinary loose pasteboard boxes did 
little to keep the fumigant from the material in them. At the end 
of a week most of the hydrocyanic acid had disappeared. 

All of the meat took up comparatively large quantities of- hydro- 
ceyanic acid. Most of it had disappeared from the cured meat at the 
end of a week. The sausage held in cold storage did not lose the 
hydrocyanic acid as quickly as the cured meat. 

When the surface of cheese was exposed directly to the fumigant 
the absorption was high. The hard rind of an American Swiss cheese 
was enough. however, to prevent the gas from penetrating. None 
was found even close under the rind, although some was present in 
the rind. 

Tin foil was wrapped tightly around the imported Swiss cheese, 
so that there was no intervening air space. ‘The cream cheese was 
also wrapped with tin foil, but the wrapping was not nearly so tight 
and apparently afforded little protection. 


EFFECT OF BOILING ON HYDROCYANIC ACID IN FUMIGATED FOOD PRODUCTS 


To determine what effect cooking would have on the hydrocyanic 
acid content of fumigated foods, some foodstuffs were fumigated in 
the usual way and the hydrocyanic acid was determined, after 
which the products were boiled with water in open flasks. At the 
end of 10 minutes and 30 minutes flasks were removed from over the 
burner and the hydrocyanic acid content was determined. The 
results are given in Table 5. 


TABLE 5.—Effect of boiling with water on hydrocyanic acid content of fumigated 
food products 


Hydrocyanic acid present (parts per 
million) 


Product After being boiled for— 
Original 
condition 

10 minutes | 30 minutes 


EATOVO TESS GURNEY 5 Lae ae Sacre aT em paren AY Pee ae lt 3) Aa tn 170 3 0 

FETCH CS Beta irene gee ge a RANEY a ae NEE eA a 55 11 6 
Cereal eroundtwiheatt ra a he ES hp 220 55 33 
LB UST As CU Korey (al ans erp See SE EI EE i a med ee ee ed ee A IA Te 170 8 6 
FEAT UTE OS ECO nen Sagas eA Be eh crys Se ee pa an 83 2 


In the absence of added acid, boiling for 10 minutes was not suffi- 
cient to remove all the hydrocyanic acid in any product. Boiling 
for 30 minutes removed all of it only from dried apples, and this may 
be explained by the presence of acid in the apples. The unusually 
large quantity of este acid found in the ground-wheat cereal 
was probably retained because the material was so thick that it had 
to be boiled slowly to prevent foaming. 
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SUMMARY 


Dried fruits were fumigated with hydrocyanic acid gas. The 
fumigant remaining was determined on the day of fumigation and at 
intervals of 1, 7, 30, and 90 days thereafter. 7 

All fruits which were not in tight packages absorbed some hydro- 
cyanic acid. This was gradually dissipated, although a small 
quantity was left in many of the fruits at the end of 90 days. 

Dried fruits fumigated in commercial packages did not absorb as 
much hydrocyanic acid as those fumigated without such protection. 
No fumigant was absorbed by apricots tightly packed in a box lined 
with waxed paper, and the gas did not penetrate to the center of the 
box of tightly packed figs. This indicates that the process of fumiga- 
tion used would not be effective as a method of freeing dried fruits 
from insects if the fruits are tightly packed 2nd wrapped in waxed 


paper. 
Candies absorbed a comparatively small quantity of bydreevanic 
acid. The original absorption of nut meats was high, but most oF 


the fumigant was dissipated in a very short time. Cocoa absorved 
a high proportion of the fumigant and retained it for some time. 

No hydrocyanic acid was absorbed through the rind of an American 
Swiss cheese. No fumigant penetrated to cheese tightly wrapped in 
tin foil, but the absorption was as high in cheese loosely wrapped in 
tin foil as in that which was not wrapped. 

Boiling with water in the absence of added acid for 30 minutes was 
not always sufficient to entirely remove the hydrocyanic acid. 

No conclusions as to the safety of fumigated foods for human con- 
sumption are drawn from the results reported in this bulletin. 
Chemical observations alone are reported here. Determinations 
of the quantities of hydrocyanic acid injurious to health lie in the 
domain of the pharmacologist. 
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